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A STUDY OF THE BURKING RATE OF BICKFORD FUSE 
UNDER CONSTANT FRESSURE,  TEMPERATURE,, AND VOLUME COi'JDITIONS 

Prepared bys 

Robert Jo McHenry 
Kenneth No Boley 
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Ensig 
pornt 
burnirns in a closed container on the prer-su.rc in 
the c 
rate« 
fuse 

ACT: Rer-ultG of three ctudles are reported? 
he effect of pressure on burning rate of 
n Bicjkford time fusej (b) the effect of tem- 
ure on burning rate; and (c) bhe effect of 

ontainer.. and tlie resulting change of burning 
Equations which permit prediction of time 

behavior under various conditions of temper- 
and pressure are presented. 
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A STUDY OF BiE BUIINIWG RATE OF BICKPOPJ) FUSE 
UNDER CONSTANT PRESSURE, TEMPERATURE, AND VOLUME COICDITIONS 

IN'TRODUCTK 

Material Tested 

1. In many of the appliaationo oi' Ensign Bicla'orä time 
fuse,, the fuse is confined in an airtight container,, Upon 
hurningj, the fuse evolves gases and heat which cause a pressure 
rise inside the container. This pressure,, in turn, causes an 
increase in the burning rate of the fuse. This study was con- 
ducted to gather data on the into./action of pressure., tempera- 
ture and burning rate, anc to determine the possibility of 
forecasting ehe results to be expected under various conditions 
of fuse confinement. Three types of time fuse were used In 
all tests. All were plastic coated Ensign Eickford fuse made 
according fco reference (a), except for color code» The types 
are described in Table 1. The use of the letters A, B, and C 
to identify each type fuse in the rest of the report is not a 
standard notation, but is used here for convenience,, 

Prelimina r^JDat a 

rate of Bick- 2c According to reference (a), the burning 
ford fuse should be within 10^ of the nominal when burned 
under ambient conditions. Ten 12" samples of Type A from one 
lot were burned under ambient conditions, and ail times were 
within 1^ of the nominal value of 60 seconds. Ten 12" samples 
of another lot burned within bhe range 6l.5 ± 1 sec. The 
burning times of some 12:i samples of Type C were 63.4 ± 1 sec, 
and of Type B, 29,8 + 1 sec, "Similar tesfco on untreated 12" 
samples of several lots and types of fuse indicated that within 
a given lot of fuse, the burning time could be expected to be 
consistent within approximately rl second per foot, and tl at the 
burning times for all samples fell within ±10^ of the nominal 
value o 

EQUIP I® IT AID PROCEDURES 

Constant Pressure 

''■' 

3„ Low Pressure, For fuse burned at pressures below 100 
psig, a pressure vessel with a glass observation port was used. 
The length of fuse was laid on a metal plate and ignited by 
means of a. fireworks squib,, The volume of the vessel was appro: 
imately one cubic foot. Air was let in until the Bourdon gage 
showed the proper pressure« The squib lead was touched to a^ 

' ■   I  -<  ■ ■.  ■  .,. i ■ ■  '■    ■ "  ■    ■•...■■.' 
■  ". 
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45-volt battery 
manually 
appeared 

Trie 
at the 
was al 
was us 
relea 

In 

pressure 
sure was 
constant 
Increased to a 
strength of the 
the Intake and 
adjusted so tha 
dyrnanlc equilib 
noted among the 

end a Standard Electric 
timer was stopped when th 
end of the length or fus 

lowed to build up inside 
ed in calculationso In 1 
ed as it built up and the 
ome cases the temperature 
point which was believed 
„Lass port (2000F)., In 

exhaust valves were parti 
t the pressure was at the 
rium. No difference in t 
three method 

timer was started 
e spurt of flame 
e. Originally the 
the pot and an average 
ater tests, the pros- 
reby kept almost 
Inside the pot 

to endanger the 
order to prevent this.» 
ally opened and 
desired level and in 

he burning rate was 
U o 

4, Vacuum, The vacuum work was carried out in the same 
vessel and in the same manner. The vacuum was obtained with 
a Duo-Seal vacuum pimp. The pressure was kept practically 
constant by opening and closing the valve leading bo the pump 
No ballast tank was necessary0 The pressure was road on a 
Bourdon The atmospheric pressure was read periodically 
on a mercury barometer 

The higher pressui tests were performed 
The volume of the vessel 

5. High Pressure 
in a vessel with no observation port 
was about one cubic foot. The pressure was released as it 
built up, J.n  place of visual observation., parts (b), (e) and 
(g) of the pressure bomb (Figure 14) were used as stated in the 
description of the pressure bomb (paragraph ?') „ The apparatus 
was assembled vertically., ignition end up,; with the nesting held 
in proper position by tape. 

Constant Temperature 

6c.    These tests were performed in a. temperature chamber of 
dimensions 8J x 8 ! :: 15 3 „ The fuss lengths were ignited by- 
fireworks squibs and timed by a manually operated Standard 
Electric timer. An operator was within the chamber connecting 
the squib and length of fuse., and an observer was outside 
passing in fuse lengths and squibs and operating the timer. 
Fuse lengths which were held at the test temperature for pro- 
longed periods before burning are referred to as conditioned 
fuse. For the l6ocF test, the fuse was exposed to the l6o0F 
temperature for approximately 24 hours before burning. For 
the cold tests^ the fuse was exposed to the -650P temperature 
for 16 hours. The lengths of fuse remaining after completion 
of the -650F tests were exposed to an hour of transitional 
temperatures and an hour at -20CF before burning in a -20CP 
atmosphere. Those remaining wore exposed to a half hour of 
transitional temperatures and an hour at CGF before burning 
in a ÜCF atmosphere. To determine the effects of burning J 

2 ■W 
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unconditioned fuss in an ataionphere of elevated cr induced 
temperaturej, unconciitioned lengths of fuse wore passed into 
the chamber and ignited within 30 seconds,. 

Constant ITolume 

7n A special pressure boinh was designed and built for 
this test. This bomb consists of the following parts (see 
.Figure 1^1); 

ü„ Cylinder length of 12u  and inner diameter of ^5", 

t. Nesting of snme length designed to hold fuse in 
center of cylinder. 

c„ Four 3/V diameter rods which ilc  irto nesting to 
decrease volume, 

d» j.ieces inserted bctv-jeen above rods in order to 
further reduce volume. 

e» Fuse clio to hold squib against fuse length» 

fo Ignition end piece with ö-ring and insulated 
Fahneatoclc clips to connect with squib leads. 

gc Terminal end piece with pressure gage tap and 
spring-loaded fusible link which breaks contact when burned 
by final spurt of flame from time fuse,. 

h„ Two aluminum cylinders 6'''  long., 2-1/2" outside 
diameter., 3/8!' inside diameter to reduce volume to a greater 
extent than is possible using nesting and fillingsc 

io Adapters to allow Control Engineering gage (spark- 
plug thread) and Ester lino-Angus gage (l/V pipe thread; co be 
used in addition to the Aberdeen gage for whicb the bomb is 
tapped., 

Sc    All pressure-time data were obtained with the iSsterline- 
Angus recording pressure gage. The fireworks squib was ignited 
by a 45-volt battery.. Tie resistance of the fuse cartridge was 
measured constantly during the burning by an ohinmetei'o The 
heat from the spurt of flame caused a sudden increase in 
resistancej, even when the cartridge did not break. When this 
change occurred,, the observer stopped the timer„ The volume of 
the bomb containing the various pieces was found by pouring 
from a graduated cylinder enough water to fill it«. Table - 
shows the approximate volumes of various pieces„ Volumes 
shown on the charts and curves are free volumes before inser- 
tion of the time  fuse» 

I 

3 

■• IS  ; ■■■••      v.   a@      ; .   ■■ ■ ,,..'. 



...;...-•    .       .^' 

i v. V. )0yv, 

iX .OU.t.' .: VD OOi'CLUSTOIfS 

COil3rant Pi'c 

9.    The  jurviinr- :,.vi,te   xf  •;.-.:iie ..'IIGG way i'o::n:; to be sisnli'l-- 
cantly afX'ocl'.eo! by cijan^e;". :'.;! pi'eoBure.    B,.G biürülr;^; fcirea ^o 
p'ressure CUIVG i'oi* t'vpe ^ f-ujc; i:; shown In yißv.rerj 1 and 2,    I 
chGBe  3U,ive-E  t is tho  i;i;o AU secorid"  requlr'ad for  Di.rnin.; a 
I2-;IJJC : lergth cf fniM1 amü .'■' io  tlic; abooluLe oppl:lod pressure 
given   In I'SI.    Tixs c;:!;;a :;;^ roprt'cerited Iv/ cnroa ntralght .line; 
accoräirij, to i;he oqwatioc. 

loß I = n(los ?) -1- 11 

log 15 - laß  c  = lo(;:; 12 - nflo/c P]   ■■ i: 

lor; ii"- - - n(log ?}  -;• (lo;;; 1^)  - b 

12 
t 

v^aere n i£ a negative m 

i c - — o 

where log 

taking anfci-Iogaritijinn; 

where 

■ r\r\i\ ~  in ruing rav;o rn incr.ss per seoont 

:, log L
:
 •- (log 12)  -  b 

a I.e. negative .".lope 

r log r •:- log k 

(log 12) - 

= antl log [(log I'd)  - 

~ anti J.og (loGVg) ■• b] 

M 

(2; 

(b Is found by biio followiiig method;    Using Fignre 2P select a 
point on one of the  ti-reo n!:raigat lines ülgnifying the three 
ranges ana sr.bstitnte thu ecordinates  of tliie point into the 

where n is the r^lope 0:': t;hat 
.•hat straight 

line„) 

— -—c^ -  -      • -- -        - — " 

equation., log t ■■■■- n(log a) 
particular straight line, aad oalcaücte b fo 

In equetion (2), r is tlie u^rnlng rate* ?, th.a absolute prasrarc; 
n5 the slope of the carve in trat range; and •:,, a oonßtant for 
each range,. rrhe oonstanhj end the limits for ea::h of the thre^ 
ranges ai'O shown in Table ?c ao fare aoald tarn ;it pressures 
less than 'Kpä psia and ignition is uncertain up io sbout 7 o:.: 0 
psia. The carve for fuse Type 3 is shown in .Figure 3, At gage 

I 
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pressires; gi-oatsr than 100 ;J;3;1, the  resultn becjixic erratic 
This inconoistoncy might reault f.rom another Q.x^.zure  effect 
producing a decrease of free volujae between the grains of 
black pov:der due to compression of the fuse. Sr.cb a decrease 
in free voluine would caurjo a rjlower burning; rate^ according 
to reference (bj. The lino through the rest of the points 
ha.& the sqmtion r ~ „ICTrVS where r In  .^iven in inches per 
second. No regular burning time vs applied prej;eure curve, 
such as in Figure 1, iias  drawn for fuse Tjpeo 3  c;.nd G, because 
the chape of the curve is the same and the log-log curves lend 
themselves niore readily to inuezpolation., extrapolation.» and 
equation derivation. The curve for fuse C is she a in Figure 
4, No measurements were irade on fuss C with gage pressures 
above 100 psi. Because of difficulties encountered in trying 
to maintain constant pressure at the time this fuse was tested,, 
some of the higher pressures plotted are average values« With 
pressures above atmospheric, the equation is r = .04P'58j 
below atmospheric, r>   zz .ölQÖP-eS: 

Constant Temperature 

10o The effect of tempers.tv.ro on the burning time of fuse 
was relatively slight in the range tested (Figure 5}» The 
points plotted at 7'80F may not be a true representation of. the 
normal burning time of the tested fuse in that the measurements 
were made at a later date and are subject to uncertainty In 
the sampling employed and variations in atmospheric pressure. 
The results of the test on conditioned fuse as compared with 
unconditioned fuse indicate that she effect of the fuse tempera- 
ture on burning rate is slight enough that the temperature 
change experienced by unconditioned fuse upon passing into the 
chamber is negligible, iui examination cf the unconditioned fuse 
data indicates a very slight increase in .the burning rate as the 
surrounding temperature increases., Although it is not definitely 
known what temperatures are reached within a sealed container^ 
it is assumed in the Constant Volume section of this report that 

change in burning ■rime Is caused by the tempera- 
te/ insofar as it affects pressure. 

no significant change 
ture increase exce-t 

Constant Volume 

11 o Pressure Build Up-. The pressure developer 

.f(ln f) f 0 

5 
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eqvatxon (3),, ivc obtain 
9 hRnir ;(;;(:t^.i/';; tliia /.nto 

t - •■((In P) - rc0688 

taking aiitiloga o;C (;'). wc. obtain 

?!<: (J0 

b -I- d.uot-k 
(3) 

K ;;.s a coast::.nt; for <:rjy 'ic.-'wiculai;  t^-po fusD U1.G:.I bi^ne:! ir.; a 
olLrns. bu;; IG i^::o dl.f.i'erent; values fOi': c\:l,:TorGnt 

ble 3^ the value:g c^ K foxmcl Trc-nt 
given ■.^oiLra 
voluino;; {7l^,ire ■)}„    'Ix 
each p:!8S3urc-tiae cri've a.'.^o tabulated alon..}; t.'it'.i other valueü 
which iirz  ':-o he  treated below. These values oi  I are plotted 
as a fanetIon ot volvne :1rj Figure 3.0 and ae r. fiiacvion of the 
volume to ;hc t'.s'o-thirdß pouor xa Figure II, Kie .otral/^ht 
lines clraaa In Filaare 11 represent the equation 

P/-< 
(6) 

where h1   lo ;:i eoar;taat ciiavactoriKtio of eaol'  typo tuso.?    xhe 
valuefj of :.'J arc r;;- tcllo-ai?    'l/yne h, CLÖ7'0^  j/ype B5  0„355| 

12,     J,.;G of Eoaationf:;?    VJlöh this iiifoi-KatiOM., we 3iiou.ld b-; 
able to predict the follo'Ajirig .to.:' anj IOILOGö OX ."i'u^e being, 
buraec! in a r.eaieci container of known volunios 

iJhat preDSurc will bo developed aD an;/ tine daring 
bu^ainf., 

b .    Vbat pressure ;Q.11 bo iiovelop 
Ien;ith oi x'n^o Jio:  bv.rned , 

c lony any ^ivon fno: lenyth uill i an 

üaiai^Ie ca...oujan;:!.on3 i    UaJ-iJ!-'. :;.2 oona ■.• i one o e vo 1 ^p a; c ^j ovo s 

.iv.!. .•• ii   r i ;: »OOUii 

(2) 

(4) 

D; 

■■■'' 

•'■ 

: 

!, yiyit/J (6) 

Twelve inoi^et of Type A i'uoe ai'e to bs burned in a oealed  con- 
tainer ahich h.a& a volume of 587CC.    •,«rhafc ■vj.ill bo the presßur-e 

c 
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within the container after 30 aeconda? V/liat will be the i.iaximuni 
pressure reached? How lenß will the fuse burn? 

Using equation (6), K = k^J /Jf  where ic? ^ 0,870 and V = 587 

K -= 0o 870 K  5672//3 

« 61,0 

Substituting this value of K into (4), t - K(ln P) - 2„ö8oK,, 

we obtain       30 = 61.0 In P - 2.688 x 61.0 

In P - 30 ■' 2o63o x 61.0 
~'6Tc0 

In P = 3ol0 

taking anti-log.,   V ~ 25 psia or 10„3 peig after 30 sec« 

Againj, using equation {k)9  t = K(ln p) - 2U688K 

differentiating^  dt = li dP 

from equation (2)^ we find r,, burning rate., equals ppr 

or r = hPn = .™ 
dt 

dt - -~ 
' " kPn 

equating (a) and (b) 

dL   K _ 
"" v, — """ ClP 
IcP^  P 

(a) 

(b) 

0" dL  Pn ,,p 

dL „ pn-J-QP 

Substituting values of constants into (c); we obtain 

_  dL  „   p-V2rip 

7 
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12 
f   i;i'-i--     a.? integrating-,       J rr^: -•■: j 

1^.7     *x/c-     0 

Cilj 

1:  V 

K 

1./^ -,   A. 12 
wo find,        2{Fmx -. 14.7 •/-)  « ^"Ü^Vbi:^! 

'ma: (.U793 + 3..335}2 

-   33.^7   :J^J-'3- 

= 17uO pEig^ ina^n pressure attained„ 

Usin^ equation (5}^ 1:  ~ 0        'K• 

Substitivclng this value .Into equation (2) with k - 0„0548 
and n ■■• 1/2 

0 L 
1/2 

dL 
dt 

•■■   ....   p   -MRTC 

0c054b 0 

1 diü     _  1 
2K X ÜTÖ'jlo       2lC ,: 

t -i- 2,666K 
isr UL- 

12 
'? rififiiJ'T'fi ■ft"! "ITT       1 ™-"—^■,»™~,.—,._..-  ^'f, _   /       P 

0 

■i-       t    -r   2(,udbl{    , , 

t -i- ; 
12 

} f > 

L±^ä§ä^L2h9. . ;ao^4 +   

taking log3s ■■""°'^2'Fo:.o:r"'""" " J'i- r 
:iu;:^4 > 

12 
1 r'TiynuiTQ^ö^) 

t = 122 In (3.833 4 lc795)  - 2.603 :: 61,0 

- 46 c8 fjecondfj» 
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For ca.'lcul-itions  InvoivfA^ tyi.Q l\ fu.ae in a fjmall 70lu;ne? t;he 
intairrid jjannot 'bo t Icon ever bhe entire ICT^Q baoause 'she 
constaiit  c changori,,    ?or c.:n!iiple3    ICI/GIVG irc'ie^ of t^e i! fust 
is belnG  ,iur;:ecl ;..n o ll6(;c cealed cor.fcainer,    We vjlsh to find 
the  Ginc o.'   jurn.'.ii;:; rvr.d tho .lengti: oi' fuse burned r;Iien the 
pr-'GSoui'e .Us 37»2 pe-ii-j £.nc' the tlire of burning or the entire 
length o;.' r?Uoe and the ruux.lnuK preasurc. 

i-1" 

j?.ro.in ;{ = .L
;
V"

VJ
^ I/O .line 

'.V-iCll    i     --   J     o.      po.'...,,     ...i;    J,      ~    j,„C=:« 

then ucin;^ t = K :: In J} ■■ 11 x 2a683 

we .Pine        t ■= 19O2 oec (•■jJien ? •■- ';17P2 D3ia.) 

subititutinp; K = 20.':   into P = o"" "^ 

- ö0c
:7 for i.':^;e type 

(5) 

and taking the ocuaro roo 

1/2 
35 »ö 

substituting -ihi?; value cf P-1-/- into equation (2, ., r = !^Pr! 

.'here v.  -• 1/25 we ha' 

r =: § =. kP1/2 

'or preaGures belcu 3'(B2 p^la.s k ~ 0,05^8 

ü t 

t -I- 5r)7-. 
—Trii.— 

■j- ^od 

Integraüinr c j bctvioon tna liraitc-; ■.' and i9.2 sec and cL between 
the lislt.: 0 and !•<, v:e proceed to .find t.he length of 2ISG burneG 
at 37o2 psia in 19„2 oecencs,, 

L    »i j 

0 

19 «2 fc.t.J^.^ 
/     O  '''1 ' ^' 
b 

at 

Q 

,,...•-.     -• . ■    ■■;--.   X   ■ ■-' ■ :..■■-- 
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19», 2..,! ,55 ^8       p^d 
L 

L - 41.4 x 0nO548(e:u8:L ...1 = 35- 

For pvQssuroK feetween 37^: psla and 514.7 psla (see Table 2) 

k = Oo06(';;3 and n « I ~ 0.4 

r :-- -S = 0,0668 ?0A 

ob 

from (5) ,0.4      ,0,4, t + |35eö- 
£^7 

7L.    -1-    b5.Öx 

svlJStitu-öiJig lor P0«ij       S - 0.0668 e0^(--4ffT^) 

Rearranging terms and integrating dL from 5.1 to 12 inches and 
dt from 19-2 3ec.  to t DC.'C», ws shall find the total burnins 
time of the sample in^the ll6co container, 

I'd C;L 
^J.   0 (.1 

i'        ilJL24i£ dt 
G      51. Ü      ■£j~i 

-9 
i,0 

12 - 5ol 5i.ü     „ p       51 »B" 

e    51 oö 
Ji ^Äir. -;   lii.^        _       6^      _ 

+ o.ooöS x 5T7S 

Taking 1 ogari thins _, 'c -i- ^5..,) ,   r .U446 
'• OoCoco x 51 o 5X1; 

t -i- 35»-' = 51 »3 In(6.16) 

b.y 
d- 

;■ = 94.4 - 55,8 

Uaing the relationship fc-uad above,, 

I 

•; li 

.max      i 1^   ■,. 

0     :■*■ *7 io) 

10 

■-•■.: H . • ..     .       .     ' 
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and the fact that k changes for type A fuae buj:;n3cl in a small 
volume from 0.0548 to 0,0668 for pressureß from 37.2 psia to 
514.7 psla (n changes from 1/2 to 2/5), we shall find the 
maxiratffii pressure produced. Above., we founö that 5»! inche 
had burned at 37„2 psiai so., to find P1MX we must have two 
integrals with limits of 0 to 5,1 in. with k « 0.„ ..,, 
and limits of 5.1 to 12 indies with k *= C..0668,  n « 2/5 

lö, n .1/2 

K - 20,>7 

i ?n  xd? = f   ?l/c- lüF  -I- /  p^--LdP 
W.7       14.7       37..2 

IP o 
r 
j 
o 

dL 
W 

C 1 

0 

dL 12.0 dL 
/ , t~ohw~rzT:7 
5J. 

setting these two relationships equal to each other, 

P,    , _ ..       __ -rr o 
Oaas p-3/5dp _    5.1    , i2„0 - 5«! 

at ~ oToF'fBT^o:/ + (jrobbSTi^:? 
p-l/2dp 

cry o 
.1. f o / 

5-^2 A; ^oax 
J = 'l-„5 + 4,94 - 2[p1/2j 

37 0 2 

14 0 7 
;■■ 

I ?^ - 9-44 - 2(6.1 - ;;.S3) + | x 3702
;?/i3 

p«kl = fc-^+ * - *-2«:) 2 

P   - 6.215/2 
max 

^96,3 psia 

= 81„6 psic 

An alternate method for calculating ?mar  is the use of 

equation (5)* P ~ e   K   „ which does not contain k or n. 

Bji' substituting the values for total burning tirx- t - 38.6 

and K ~ 20.7^, we find P31i5X as followss 

1 

11 
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F = e 

^3.,6j' 2^83 :i,2ü07 

;;-        Q     rU^jU 

= 9^..632 ppir = 79c.932 psig 

which oonpares favorably uith the value for j;^- foimd abcvo. 

13o In Table 3^ experimental and calculated valy.es of 
various quantities arc tabulated for every successful run« 
Figure 12 is a graph of measured burning time versus volume .> 
Figure I3 is a graph of experimental maxinum pressure versus 
volume 3 

RECOffiffim-lTIOriS FOR  PURTHEJI STUDY 

V-K    There are many ques;ioi!o about burning Bickford fuse in 
a constant volume which have not been touched by this report. 
Some of these are- 

lo    What is the temperature tine curve for constant volume 
burning? 

2o What is the change in the burning rate at the  various 
temperatures reached if ;hese temperatures are significantly 
higher than those covered in this report? 

3o what; quantities of gas are evolved ahen fuse is burned 
at; various pressures and temperatures,, and how do these gases 
react; to temperature changes? 

There are other questions which., vithin certain Limits, have 
been covered by this report,, but whose limits me7 have fco he 
extended 0 The constant temperature study has already teen 
mentioned as a possibility, A need for work in smaller velumes 
would also necessitate higher pressure.„ constant pressure 
studies. The bomb shown in Figure Ik  can easily be adjusted to 
smaller' volume by placing a piece in each of the end parts,  Tb 
bomb was designed to withstand at least 3000 psi-, 

■ 

- 

12 
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TABLE I 

DESCRIPTION   OF   FUSE   TYPES 

TYPE NOMIKAL 
BURNING RATE 

NOMINAL 
GRAINS^T COLOR CODE 

A 60 SEC/FT 30 GREEN 

B 30 SEC/FT 30 RED 

C 60 SEC/FT 40 WHITE 
, 

TABLE  JL 

RANGE, PSIA LOG,«    PSIA n k/WHEN   r  IS\ 
MN    INCH/SEC' 

4.95  TO 14.7 0.695 TO   1.167 3/5 0.0392 

14.7   TO 37.2 1. 167 TO  1.57 1/2 0.0548 

37.2   TO 514.7 1.5 7   TO   2.712 2/5 0.0668 

TABLE  IE 
EXPERIMENTAL AND  CALCULATED DATA *N0  P DATA 

== 

VOLUME, CC MEASURED CALCULATED *:   SLOPE K = KV/5 
PMAX PSIG PMAX PSIG 

TIME, SEC. TIME, SEC. (FH.If) MEASURED CALCULATED 
1 

If - 

1085 52.45 52.80 89.80 9 1.90 12.5 10.6 
539 50.37 46.80 63.30 6 1.00 18.0 17.0 
587 49.44 46.80 59.50 6 1.00 19.0 17.0 
391 47.40 44.20 47.20 46.50 25.0 23.5 

Q. Ü 
V> Ul 294 46.07 48.75 38,60 38.50 31.5 37.7 
(- w 294 45.50 48.75 38.60 38.50 33.5 37.7 

o 
10 

1 16 3 7.50 3B.60 17.66 20.70 92.0 81.6 

S| 1085 25.31 24.70 38.00 37.50 14.5 13.7 

UDO 

en 

589 24.85 23.08 25.20 24.90 22.0 22.3 
391 22.42 21.64 18.80 18.90 32.0 31.6 
294 21.61 20.68 15.90 15.70 41.0 40.3 
1 '6 17.20 16.97 8.55 8.44 98.0 94.9 

1085 50.09 46.40 52.00 64,50 23.0 195 z 1085 45.80 46.40 52.00 54.50 20.5 19 5 
$ 685 45.73 44.20 * 40.00 -* 28 6 

n^ 685 44.96 44.20 *■ 40.00 H 28,6 w o 589 44.00 4260 37.80 37.00 32.5 31.5 
a.  . 587 45.21 42.60 40,00 37.00 29.5 31.5 

en 
400 43.42 39.20 ^ 28.20 X 44,3 
391 40,73 39.10 27.00 27.50 46.0 46.3 

o 294 38.30 36.20 22.80 23.00 59.5 56.3 
to 294 39.00 36.20 22.80 2 3.00 59.0 56.3 

116 28.20 25.90 10.93 12.10 144.0 11 0.0 

TABLE IZ 
PART VOLUME 

PRESSURE LINE TO   E-A GAGE 
ENTIRE  BOMB   WITH NESTING 
EACH 3/4  BAR 
EACH   ROW OF PIECES (d) 
TWO  6 INCH  CYLINDERS 

4-1 ICC 
+ |074(;C 
-lOOCC 

-98CC 
-969CC 


